Indonesian Journal of Electrical Engineering and Computer Science 
Vol. 15, No. 3, September 2019, pp. 1621~1628 
ISSN: 2502-4752, DOI: 10.1159 1/ijeecs.v15.13.pp1621-1628 O 1621 


Production of strawberry using internet of things: a review 


Olakunle Elijah, Abdelmoneim A. Bakhit, Tharek A. Rahman, Tien Han Chua, 
Siti Fatimah Ausordin, Rifhan Narrissa Razali 
Wireless Communication Center, School of Electrical Engineering, Universiti Teknologi Malaysia 


Article Info ABSTRACT 

Article history: Strawberry is a widely consumed fruit and cultivated globally but 
predominantly in cooler temperate zones because of its wealth of nutrients, 

Received Nov 13, 2018 vitamins and minerals. However, there are several challenging factors faced 

Revised Jan 9, 2019 in the growing of strawberry such as temperature, seasonal production and 

Accepted Jan 25, 2019 short shelf-life. To overcome some of these challenges, the application of 


greenhouse and internet of things (IoT) are being used. In this paper, a 
review of the application of IoT in the greenhouse production of strawberry 
Keywords: is presented. This includes a survey of existing literature on production of 
strawberry, types, method of growing strawberry and the application of IoT. 
The benefits and challenges of IoT in greenhouse strawberry production are 
discussed. The review highlights the need for use of low power wide area 


Greenhouse 
Internet of things 


Low Power wide area (LPWA) communication technology in the application of IoT in greenhouse 
Smart agriculture strawberry production especially in tropical regions like Malaysia. 
Strawberry 


Copyright © 2019 Institute of Advanced Engineering and Science. 
All rights reserved. 


Corresponding Author: 


Olakunle Elijah, 

Wireless Communication Center, 
School of Electrical Engineering, 
Universiti Teknologi Malaysia. 
Email: elij_olak @ yahoo.com 


1, INTRODUCTION 

The strawberry fruit 1s a widely consumed and cultivated globally but predominantly in cooler 
temperate zones because of its wealth of nutrients, vitamins and minerals. Strawberry belongs to the 
Rosaceae family, genu Fragaria and is a perennial plant which require pollination to bear fruits. The 
flowering is influenced by photo-period and temperature. There are several places that cultivate strawberry 
such as South Kashmir [1], Japan [2], Korea [3], Malaysia [4], and United States [5]. The United States is 
known to be the largest producer of strawberry. The cultivated varieties are classified into June-bearing [6], 
day-neutral [7] and ever-bearing cultivars [8]. Table | summarizes the difference between the strawberry 
cultivars. However, there are several challenging factors faced in the growing of strawberry such as 
temperature, seasonal production and short shelf life. To overcome these challenges, forced cultivation are 
employed. Some of the forced cultivation include the use of troughs, styrofoam in greenhouse and winter 
bags and pots in glasshouses. In this paper, we focus on the application of IoT in greenhouse production of 
strawberry especially in Malaysia. The Malaysian climate is categorised as equatorial which is hot and humid 
throughout the year with the average temperature of 27 degrees Celsius and while humidity is within the 
range of 60%-70%. In Malaysia, strawberry is grown in the Cameron Highlands where there is low 
temperature and cooling climate. The use of greenhouse cultivation can make it possible to grow strawberry 
in other locations in Malaysia. 
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Table 1. Summary of Strawberry Classifications 


June-bearing Day-neutral Ever-bearing 
Production Once per year Throughout year-long growing seasons Twice per year 
Temperature < 15°C 2-29 °C 15-21 °C 
Seasons Spring and late summer Late June - early July, August 
Life span 3-5 years 2-3 years 3- 4 years 


There are several methods of growing strawberry while certain climatic conditions are required to 
produce high quality fruits. The strawberries grow by producing stolons which spread out from the base plant 
to form new plants. It then undergoes flowering which needs to be pollinated by bees or other insects. The 
flowers develop into fruits. The strawberry plant is shown in Figure 1(a). Figure 1(b) illustrates the different 
methods of cultivating strawberry. Conventionally, the strawberry plants require warm days and cool nights 
and prefer well-drained sandy soil rich in organic matter to grow. The use of greenhouse is an alternative 
method to grow strawberries. A greenhouse is one of the methods that is common and widely used in modern 
agriculture. It is used when the plant needs certain environmental conditions to grow. Some of the significant 
factors for using a greenhouse is that it brings great economic income [9] with high quality yield and low cost 
[10]. Research has shown the acceptable climatic conditions required for the growth of strawberries as 
presented in Table 2. The temperature and humidity affect the size, colour and taste of sweetness of the fruit. 
The emergence of [oT and its application in agriculture allows for remote monitoring and automation, paving 
the way for smart agriculture. Several works have investigated the use of greenhouse in production of 
tomatoes, lettuces, strawberries, mushrooms and spinach [11-13]. The use of IoT in greenhouse production 
helps increase quality, avoids waste of resources, reduce physical effort and time with acceptable cost. The 
ability to simulate the environmental condition in the greenhouse allows for off-season production of the 
strawberry. The temperature affects the sweetness and size of the strawberry. For instance, according to [1], 
the optimum day time temperature of 22° C and night time temperature of 13 ° C at night is required. The 
humidity required should be between 50/+10%. The soil pH should be between 6.0 to 7.0 range. The sun 
light is important to complete the plant growth cycle for 16/8 — h light/dark (L/D) [8]. The variation of the 
parameters will affect the size, sweetness, taste and colour of the fruit. 

From Figure 1(b), the strawberries can be grown either as seeds or as plants either outdoor (field) or 
indoors (Greenhouse). In the greenhouse, planters can be used or hydroponic or planted on the ground. 
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Figure 1. (a) Strawberry plant (b) Method of cultivating strawberry 


Table 2. The Climatic Conditions to Grow Strawberry 


Climatic conditions Value 
Temperature 224139. 
Humidity 50/+10 % 
Soil pH 6.0 to 7.0 
Sunlight 16/8 —h 
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2. LITERATURE REVIEW 

In this section, a review of related works on strawberry production using greenhouse and IoT 
technology is presented. The research on strawberry ranges from the study of the environmental conditions to 
the growth of strawberry [12, 14, 15], smart harvesting methods [16-18], remote monitoring, and automated 
control of irrigation system [19]. Furthermore, this section covers the description of the IoT and its 
application to greenhouse production. The benefits and challenges of IoT for greenhouse strawberry 
production is also presented. 


2.1. Review of Related Work 

In [4], an automated temperature and humidity control system for greenhouse strawberry production 
using solar system for the Malaysian climate is presented. While the system is designed to monitor and 
automate the control of water moisture and temperature of the greenhouse, no fog misting was considered to 
control the humidity. The authors in [12], considered the light intensity and CO2 concentration in 
strawberries greenhouse. An intelligent system that monitors and controls the amount of CO2 and light 
intensity was developed. However, other parameters like the temperature, humidity and soil moisture are not 
covered. Further work carried out by [20-23] have considered the use of IoT with greenhouse. In [20], a data 
compressing protocol (CP) is proposed for loT based greenhouse monitoring. The use of the CP 1s to increase 
the efficiency of data transmission from sensor nodes to master controller in the network. In [21], a 
greenhouse sensor intelligent management system based on internet of things was implemented. A three- 
layered architecture that considers the sensing, network and application layer in greenhouse is presented. The 
air and soil temperature, air and soil humidity, soil pH, moisture content and light intensity were monitored. 
The IoT communication is based on Zigbee and General Packet Radio Service (GPRS) communication 
technology. The authors in [22], studied the application of [oT on greenhouse production. The data such as 
temperature, humidity is monitored remotely and are sent via GPRS for management purposes. In [23], the 
use of [oT to monitor soil moisture, humidity, temperature, presence of fire, color of leaves and detection of 
toxic gases in greenhouse is presented. However, the Io! communication employs the use of GSM. The draw 
back to the works in [20-23] are high power consumption and short-range communication technology. 


2.2. Internet of Things 

The advancement in communication technology is allowing for devices to be controlled remotely at 
anytime and anywhere via the internet. [oT is considered as the network of devices, objects, things enabling 
the transfer of data without human interaction. IoT aims to make everything smart, intelligent and to solve 
the interconnection among thing-to-thing, human-to-thing, human-to-human, device-to-device and machine- 
to-machine. This has made it possible for IoT to be used in several applications such as smart healthcare [24], 
smart parking [25], smart home [26], logistics management [27], agriculture [28, 29] and smart river 
monitoring system. IoT from electronic communication point of view is combination of physical things 
embedded with electronic circuits, sensors, and software connected by using the internet as the medium to 
communicate and exchange information while all the data are securely connected to the cloud [30]. The IoT 
consist of three major components which are sensor device, IoT cloud, and platform as shown in Figure 2. 
Earlier works on sensor deivce have made use of short-range communication devices such as Zigbee, 2G, and 
3G network. The emergence of the low power wide area communication technologies for IoT devices 
promises low power consumption, long range communication, higher penetration power compared to 3G, 4G 
cellular communication [31]. Some of the emerging LPWA communication standards are Narrow Band [oT 
(NB-IoT), LoRaWAN, enhanced MTC, Sigfox, weightless, Ingenu [32]. The LPWA offers +20 dB gain over 
legacy cellular systems by using sub-1 GHz band, narrowband modulation, and spread spectrum techniques. 
In addition, LPWA offers ultra-low power operations via simplified topology of node devices. Examples are 
the star topology, application-based duty cycle for transmission of data, and light weight medium access 
control. The platform consists of the IoT cloud server and analytic server for data storage and analysis. The 
information from the IoT cloud can be accessed via mobile platforms and commands can be sent to the 
sensor devices via the IoT cloud. 


2.3. IoT in Greenhouse production of strawberry 

The set-up of IoT greenhouse production for strawberry suitable for Malaysia is presented in this 
section. The set-up consists of the greenhouse set-up, growing systems, irrigation system, automation system 
and monitoring system. First is the design of the greenhouse. The greenhouse can be made of plastic as 
shown in the Figure 3. The design takes into consideration the cooling system where ventilation fans are used 
for cool air circulation from the bottom to the top of the greenhouse. In addition, refrigeration cooling 
systems can be connected to underground ducting to allow for fresh air inlets. The use of thermal screen in 
the greenhouse is needed to prevent heat accumulation and to provide shade for the plants. Second is the 
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structure for growing the strawberry. There are different methods of growing. Examples are use of 
polyethylene bag laid on the ground or placed on suspended Polyvinyl chloride (PVC) gutters, polygal 
troughs suspended in air and vertical systems where racks are mounted above each other. Third is the 
irrigation system. The irrigation system is an automated system that allows for water to be applied to the 
plants using drip tape or sprinklers. The irrigation system can also be used for supply of nutrients and organic 
pesticides. Fourth is the automation system. The use of IoT device help to automate the entire process in the 
greenhouse. This includes the control of irrigation system, humidity control (misting system), lighting system 
and cooling system. Sensors such as air temperature and humidity sensor, CO2 sensors, light sensors, pH 
sensors, rain detector are used to monitor the condition of the greenhouse. The data collected from these 
sensors are then used to automate the greenhouse. The fifth is the monitoring and control via IoT. The data 
acquired from the sensors can be transmitted to the IoT cloud via the LoORaWAN gateway. LoRa nodes can 
be used in connection with low power microcontrollers to transmit data to the IoT cloud. Examples of the IoT 
cloud are Thingspeak, The Things Network (TTN) and Carriots. The data from the IoT cloud are then 
analysed and compared with threshold required for action or control purpose. The data from the IoT cloud 
can also be monitored using a portable mobile device. The set-up of the greenhouse is illustrated in Figure 4 
and a flowchart showing the control and automated system is shown in Figure 5. In Figure 4, the tanks are 
connected to the irrigation system using automatic valves and are placed in different levels of gravity to 
allow for easy flow and less numbers of pumping machine. The sensors in the greenhouse can be monitored 
using a pycom-fipy microcontroller which supports five communication modes. The communication modes 
include Wi-Fi, LoRa, Sigfox, Bluetooth and NB-IoT. The data acquired from the sensors are concatenated 
and sent by the pycom-fipy to the IoT cloud via the LoORaWAN. These data are stored and analysed in the 
cloud server. The use of internet allows these data to be viewed from mobile devices anywhere and anytime. 
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Figure 2. IoT architecture 
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Figure 3. Typical plastic greenhouse 
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Figure 4. Typical greenhouse and remote control 


2.4. Benefits and Challenges 

There are several benefits that the loT can provide in the greenhouse strawberry production. First, it 
helps to increase efficiency in terms of monitoring and data acquisition for research purposes. Furthermore, it 
will allow for precision application of nutrients, pesticide and water to the strawberry. Other advantages 
include the ability to track the delivery and supply of the strawberry by consumers using their mobile 
devices. It will also enable data profiling of the production of strawberry based on environmental condition, 
and the nutrient needed to optimise the yield of strawberry. However, there are challenges that can be 
associated with the use of IoT in greenhouse strawberry production. Some of the challenges include the 
initial cost of setting up the IoT equipment, energy consumption and adequate knowledge needed to install 
and use the devices. It is expected as [oT technology continues to grow, some of the challenges such as cost 
can be overcome. 
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Figure 5. Typical flowcharts for automated system 
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3. FUTURE TRENDS 

The use of IoT has allowed for smart monitoring and control system in greenhouse strawberry. 
However, further research in IoT with data analytic and robotics can help study the optimal environmental 
conditions that can improve the quality of strawberry in greenhouse which are located in high temperate 
regions. In addition, preservation of strawberry using IoT needs to be further explored. The use of IoT can 
further be used in the harvesting and classification of strawberry in terms of size, sweetness, color and taste. 
The use of IoT technology to reduce energy consumption in greenhouse technology will attract much 
research interest. There is a need to explore low power wide range communication technology for greenhouse 
production especially in large farms with network limited coverage. 


4. CONCLUSION 

This paper presents a review of strawberry greenhouse based on IoT. Greenhouse production of 
strawberry allows availability of the fruit in season and off-season period during the year. The application of 
IoT in greenhouse provides several benefits such high efficiency, increase in productivity, reduction in 
labour, and ability to remotely control and monitor from anywhere and anytime. The use of low power wide 
area communication technology can help enhance the use of IoT in strawberry production. It will drive down 
energy consumption and cost of data transmission. The challenge associated with greenhouse production 
which include temperature, seasonal production and short shelf life can be overcome using IoT. The 
successful deployment of IoT greenhouse will allow for cultivation of strawberry in more locations in and 
across Malaysia. 
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